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ZK60A IN

@RINE ATMOSPHERE AND TIDEWATER

By Fred M. Reinhart

SUMMARY

The corrosion resistance of unprotected magnesium-zinc-zirconium
alloy ZK60Awas determined in a marine atmosphere and in tidewater. The
unprotected alloy was so rapidly attacked in tidewater that it would be
of no practical value in applications subject to wetting by sea water.
In the marine atmosphere the rate of corrosion was much less and the
alloy should give good service if adequately protected.

INTRODUCTION

This re~rt summarizes the results of an investigation of the
resistance of magnesium alloy ZK60Ato corrosion in a marine atmosphere
and in tidewater. It is one of a series of repmts covering the inves-
tigation of the corrosion characteristics of aircraft alloys conducted
under the sponsorship and with the financial assistance of the National
Advisory Committee for Aeronautics, the Bureau of Aeronautics, Department
of the Navy, and the Wright Air lkvelopmentiCenter, U. S. Air Force.

MME RIMSANDPROCEDW

The material investigated was magnesium-zinc-zirconiumalloy ZK60A
supplied as an extrusion 1/16 inch thick by 1 tich wide which had
received no surface protective treatment. Magnesium alloy AZ31A-H,

.

exposed at the same time, was used to compare the corrosion characteris-
tics of the materials. WS latter material was in sheet form 0.064 inch
thick and was received in the “oiled” condition with no other surface
treatment. d

The chemical com~sitions of the materials are given in table 1.
The com~sition of the ZK60Awas determined by chemical ‘hndspectrochem-
ical analyses at the National Bureau of Standards, while that of the

I AZ31A-H material is the type composition.
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The ZK60Aextrusion was cut tito lk-inch lengths and the
AZ31A-H sheet into 4- by lhinch panels, then degreasgd in carbon tetra.
chloride and alcohol. The bare cleaned panels and strips were expsed 1
in the tidewater and in
NorfolJs,Virginia.

the marine atmosphere at the Naval Air Station,

RESULTS AND DISCUSSION

Afier 6 months of expqsure in the tidewater the surfaces of the
ZK60A alloy were deeply pitted as shown in figure 1. These surfaces
were so irregulsx and uneven that it was im~ssible to measure the depths
of the pits on the transverse sections by the usual technique. Therefore,
to determine the extent of attack it was necessary to measure the thick-
nesses of sound metal remain3ng between the bottoms of pits on opposite
sides of the specimens. Average values of these measurements are given
in table 2. Similar values for AZ31A-H are included to give a compari.
son of the behavior of the two materials. I

i

A typical example of the pitting of the ZK6CYJspecimens and the
minimum thickness of metal remaining after expsure in the tidewater is
shown in figure 2. I

It is difficult to make direct comparisons in depths of pits because
of the extremely deep pitting and roughened surface of the ZK60A alloy.
However, it is apparent from the values in table 2 and from figure 2
that the attack on this alloy was very rapid and severe, considerably
more so than that on the AZ31A-H alloy.

In the marine atmosphere both alloys turned dark gray in color and
later became s~ckled with light-gray corrosion products. The products
on the ZK6QAspecimens after 6 monthst
The depths ~d widths of the corrosion
tions of both alloys after ex~sure to
h table 3.

These results indicate that after

expsure are shown in figure 1.
pits on polished transverse see-
the marine atmosphere are given

6 months of expsure the corro-
sion pits in the ZK60A alloy were deeper and wider than those in the
AZ31A-H alloy. ‘ly-picalcorrosion pits in the =6(IA alloy after 6months
of exposure are shown in figure 3. An idea of the difference in the
rapidity of attack between ex$msure in tidewater and in marine atmosphere
can be obtained by comparing the thickness of the remaining metal in
figure 2 with that in figure 3.

During the next 12 months of exposure, the
the ZK60A alloy decreased but the width of pits
that the localized attack was’becoming less and

rate of pmettation of
increased indicating
the general attack was
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more prevalent. Typical
sure are shown in figure
AZ31A-H alloy because no
that ttie..

3

pits in this alloy after 18 months of exP-
4. No comparison could be made with the
specimens of the latter alloy were removed at

The results of tensile tests made on the alloys before and after
exposure are given in table 4.

The results of the tensile tests of the unprotected ZK60A alloy
after exposure in the tidewatqr reflect its great susceptibility to
corrosion in this medium. The yield strength could not be determined
because the specimens broke through deep pits before the yield pint
could be reached; the tensile strength was reduced by more t~” half
and the elongation to less than 1 percent. Uhder the same conditions
of exposure the weld and tensile strengths of the unprotected
AZ31A-H alloy were about 75 percent of those of the unexposed,material
and the elongation was about 4 percent. This indicates very clearly
that the ZK60A alloy should not be used in the unprotected condition
where it would be subjected to wetting by sea water. However, after
6 months of exmsure in the marine atmosphere, the tensile properties
of neither alloy were greatly affected. There was a slight decrease in
the yield strength and elongation of the ZK60A alloy after 6 months of
ex~sure while there was practically no change in the AZ31A-H alloy.

After 18 months of exposure in the marine atmosphere the ductility
of the ZK60A alloy was definitely impaired, the elongation decreasing
from 13 to 5.5 ~rcent. There were slight decreases in the tensile and
yield strengths.

. .

The corrosion resistmce of the unprotected 2K60A alloy was not so
good as that of the unprotected AZ31A-H alloy in either environment. To
obtain an adequate service life for any application involvtig the use
of ZK60A in the marine atmosphere for any extended period of the the
structure should be welJ.protected by the application of a good chemical
surface treatment and a good paint system.

CONCLUSIONS

From an investigation of the corrosion resistance of unprotected
magnesium-zinc-zirconiumalloy ZK60A in a martie atmosphere and tide-
water it was found that:

1. The corrosion resistance of unprotected
alloy ZiK60Awas inferior to that of unprotected
marine atmosphere and tidewater.

magnesium-zinc-zirconium
AZ31A-H alloy in both a

I
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2. The corrosion rate of the unprotected ZK60A alloy was very
great in tidewater, precluding its use for any application ih which it
would he subject to wetting by sea water.

3. Unprotected”ZK60Ashould be used in the marine atmosphere only
in applications where its life expectancy is ~elatively short, pssibly
3 to 5 years. However, its life expectancy would be increased consider.
ably if the alloy is protected by the application of a good chemical.
surface treatment and a good @_nt system.

Nation&. Bureau of Standards
Wash@ton, D. C., March 27, 1931

.
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TABLE 1

I

I

CHEMICAL COMPOSITIONS OF MAGNESIUM ALLOYS

Composition

Element ‘
(percent by weight)

ZK60A AZ31A-H

Aluminum ----- 2.5-3.5

Manganese 0.07 a.20
zinc 5*7 .7-1.3
Zirconium .6 -------

Silicon ~.3-----

Copper --.-- b.05

Nickel ----- b .005

Iron .001 b .005

Other impurities ----- b.3

‘%inimum content.

?Maximum content.

TABLE2

THICKNESS OF ZK60A AND DIMENSIONS OF PITS ~AZ31A-H

AFTER 6 MONTHSOF EXPOSUREIN TIDEWATER

ZK60A

Average original thickness of metal, in. . . . . .
Average thickness of metal after exposure, in. . .
Minimum thickness of metal after ex~sure, in. . .

AZ31A-H

Average original thickness of metal, in. . . . . .
Average depth of corrosion pits, in. . . . . . . .
Deepest pit, in....... . . . . . . . . . . .
Average width of corrosion pits, in. . . . . . . .
Widest pitj in....... . . . . . . . . . . .

0.060
.032
● 010

0.064
.002
.020
.006
.035

—.. --- ----- --- .-..-—. —...-— ---- -—-- --
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T!flBLE3

DEPTHS AND WIDTES OF CORROSION PITS AFTER EXPOSURE

IN MARIME A~OSl?EERE

Exposure Average Deepest Average Widest
Material period depth pit width pit

(months) (in.) (in.) (in.) (in.)‘I
AZ31A-H 6 0.0005 0.0015 0.0041 0.034
ZK60A 6 .0026 .004 .0072 .0125
ZK60A 18 - .0035 .008 .0181 .0375

>

mBLE4

TENSILEPROPERTIESOF MAGIITESIUMALLOYS

Material

ZK60A
AZ31A-H

ZK60A
AZ31A-H
ZK60A

AZ31A-H
ZK60A

Exposure
period
(months)

o
0

6
6
6

6
18

ZK60Am AZ31A-H

pm U’NEXE’OSEDAND EXPOSED

Environment

Unexpsed
-----do-----

Tidewater
-----do-----
Martie

atmosphere

-----do-----
-----do-----

Tensile
strength
(psi)

50,003
41,300

22,500
33,200
49,700

41,900
45,200

Yield
strength,

0.2-percent
offset
(psi)

39,500”
33,100

(1)
24,200
37,200

32,300
37,8~

,
Elongation
(percent
in 2 in.)

13.0
12.7

4::
10.9

12”.7

5.5

4,,

%ecimens broke through deep pits before yield point was reached.—

,.

.
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Figure 1.- Appearance of ti60A
tidewater (top four) and in
surfaces). x5/8.

specimens after 6
marine atmosphere

months of exposure in
(bottom two, earthwsrd

\
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Figure 2.- Cros6 eection of epecb+sn of ZK60A alJ.oy Wowing type of

pitting and minimum thicknegs of TeI&d&UIg IIEtd after apoBure in

tidewater for 6 month6. XILQ.
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Figure 3.- !l!-ypicalpits @ ZK60A material after 6 monihs of exposure

in marine atmosphere. Compare thiclmess of this sheet with that
of one in figure 2. Xloo.
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Figure 4.- Typical pits in zK60A material after 18 months of exposure

in marine atmosphere. Compare thickness of this sheet with that of
one in figwe 2. Xloo.
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